Abstract: A simple and rapid capillary zone electrophoresis (CZE) method for the determination of aristolochic acid (AA) in dietary supplements and selected herbs is described. A clear separation of AA from other sample constituents was achieved within 5 minutes without any sample clean up. A mixture of 20 mM-morpholinethanesulphonic acid + 10 mM-BisTrisPropane + 0.2% hydroxyethylcelullose in 10% methanol serves as a background electrolyte. The linearity, accuracy, intra-assay and detection limit of the developed method are 200-6000 ng/mL, 95-103%, 3.5%, and 50 ng/mL, respectively. Ease of use, sufficient sensitivity and low running cost are the most important attributes of the CZE method. The proposed CZE method was compared with HPLC.
Introduction
Chinese herbs nephropathy (CHN) is a type of subacute interstitial fibrosis of the kidney. The nephrotoxicity of these Chinese herbs has been traced to aristolochic acid (AA), which is the compound extracted from Aristolochia fangchi, inadvertently included in the slimming pills. There have been numerous international reports of death or injury from kidney failure due to ingestion of products found to contain aristolochic acid. Countries such as United States, Australia, and member states of the European Union including the Czech Republic have taken regulatory action to address the risk of aristolochic acid to consumers. Aristolochic acid is a plant extract consisting of a mixture of structurally related nitrophenanthrene derivatives, AA-I and AA-II being major components (Scheme 1). Not only AA is nephrotoxic, it is also a potent carcinogen in laboratory animals [1] , [2] , [3] , [4] . Mostly chromatographic methods using different separation principle (HPLC, TLC) and detection (ultraviolet, mass-spectrometry) are applied in the determination of AA in real samples of herbs and dietary supplements such as slimming products. [5] , [6] , [7] . These methods have some unfortunate drawbacks. All techniques usually need sample pre-treatment, e.g., solid phase extraction or ion exchange clean up.
Recently a capillary electrophoresis (CE) and cyclic voltametry method for the determination of aristolochic acid in medicinal plants has been published [8] , [9] , [10] . Both methods do not need sample pre-treatment as in the case of HPLC. Analysis was performed in slightly basic carrier phosphate and/or borate electrolyte (pH 6 -9.5) and separation of of AA-I and AA-II was achieved within minutes. AA was detected at 254 nm, the precision expressed as RSD varied between 2 and 4 % and LOD was 1 mg of AA·L −1 .
In this presentation a determination of AA has been studied by proposed capillary electrophoresis (CZE) methods in hydrodynamically closed capillary system. The basic characteristics, i.e., repeatability, accuracy, linearity and limit of detection of the method were evaluated. The content of AA in selected natural health products available in the Czech market was determined using the proposed CZE method. Results of CZE were compared with HPLC .
Experimental

Chemicals
Standards of aristolochic acid † , morpholinethanesulphonic acid (MES), BisTrisPropane (BTP) and hydroxyethylcellulose (HEC) were purchased from Sigma-Aldrich, Ltd.
(Prague, Czech Republic). Methanol (MeOH) was obtained from Merck (Darmstadt, Germany). Deionised water was used for electrolyte, standard solutions, and sample preparation. Samples of herbs and dietary supplements were obtained from Central Technical Custom Laboratory (Praha, Czech Republic) and from inland markets.
Apparatus
The electrophoretic analyser used was an EA 101 (LABECO-VILLA, Ltd., Slovak Republic) equipped with an FEP (fluorinated ethylene-propylene copolymer) analytical capillary (160 mm x 0.3 mm ID). Zones were detected by a UV detector operating at 254 nm. The electropherograms were evaluated by PC software package supplied with the analyser.
Conditions of CITP-CZE analysis
A mixture of 20 mM-MES + 10 mM-BTP + 0.2 % HEC in 10% MeOH served as a background electrolyte. The driving current applied was 30 µA. The samples were injected via sample valve with a fixed volume of 200 nL. Each analysis required 5 minutes.
Selected method characteristics, i.e., linearity, intra-assay, accuracy (recovery) and detection limit under these conditions of analysis were determined.
Calibration
The external standard method was used. Standards of AA was injected from the 1 mg·mL −1 MeOH stock solution at five-levels (0.5 to 10 mg·L −1 10% MeOH) using the sampling valve.
Sample Treatment
Samples of herbs (1 g) or dietary supplement (2 g) were extracted with 50 mL of methanol for 30 minutes in an ultrasonic bath. Once the extract was filtered (through paper), the filtrate was diluted with water (twice up to 10 times) prior to analysis.
Results and discussion
During the method development, we observed that the addition of polyvinylpyrrolidone (PVP) into background electrolyte greatly influenced aristolochic acid separation. The higher the PVP concentration in the electrolyte, the longer the migration time (MT) of AA and the better the resolution of AA-I from AA-II. It was found that migration time of AA-I is more influenced by PVP concentration than that of AA-II. The relationship between PVP addition and migration time of AA is depicted in Figure 1 . The effect of PVP on separation of AA can be utilised for the optimisation of analysis condition, especially in the case of matrix interference with AA. The addition of methanol (up to 30%) had minimal effect on separation of AA. Increasing the methanol concentration in the electrolyte caused the prolonging of analysis time. The pH of the background electrolyte, within 5 to 7, has practically no effect on migration time and separation of AA. The method characteristics, i.e., linearity, intra-assay, accuracy (recovery) and detection limit are summarised in Table 1 . The results in Table 1 clearly show that the method is suitable for the intended purpose. In Figure 2 , an electropherogram of standard solution of AA is given. Figure 3 and We applied the proposed CZE method on real sample analysis. In total, we analysed more than 50 samples of herbs and dietary supplements available at inland markets. The same sample set we also analysed by modified HPLC method [7] . The modification of the published method consisted of an acetonitrile gradient elution instead of an isocratic.
The gradient elution greatly shortened analysis time (the retention time of some matrix components were longer than 60 minutes when the isocratic profile was applied). We also found that sample treatment by a solid phase extraction prior to HPLC analysis had practically no effect on the results of analysis, therefore, we did not use it. Table  2 summarises samples in which we detected the AA by both methods. In Figure 5 , the obtained electrophoretic results are correlated with the chromatographic results. From the presented results it is clear that similar levels of the total AA were found by CZE and HPLC (cf. calculated slope is very close to unity and the intercept is close to zero).
Conclusions
The presented results provide evidence that the developed CZE method for the determination of aristolochic acid in herbs and dietary supplements is reliable and Table 2 Results of electrophoretic analysis (n = 2) of herbs and dietary supplements available in the inland market. reproducible. The method can easily be an alternative method to HPLC. Ease of use (extraction of sample and filtration only), sufficient sensitivity (5 mg AA·kg −1 ), speed of analysis (5 minutes) and low running cost are the most important attributes of CZE method.
